Hybrid organic-inorganic (HOI) compounds are excellent candidates for a wide spectrum of applications in diverse fields such as optics, electronics, energy and biotechnology. Their broad range of versatility is achieved by combining the functionalities of organic and inorganic materials to generate unique properties. Current research has mostly focused on perovskite HOIs due to their wide range of uses in solar cells, photo detectors and memory devices. However, drawbacks such as instability and lead toxicity limit further implementation into other new areas.
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Sahoo et al., page 5 inorganic, organo-inorganic and mineralogy fields. The library of compounds was filtered with additive search strings as zinc and carbon -carbon being the fundamental component of an organic-block. Other strings like hydrogen, oxygen, nitrogen, and phosphorus were also included in the search to match the scope of organic molecules common to the living matter. We identified thirteen distinct compounds that can reasonably be classified as Zn-based HOI materials. The compounds are named as samples Z3-Z15 and are summarized in Table 1 , wherein we also list the functional group and the crystal structure. The wurtzite ZnO and zinc peroxide (ZnO2) inorganic binary oxides of Zn, denoted as Z1 and Z2, respectively, are used as references to compare the properties of the cataloged compounds.
In preparing the catalog two difficulties were confronted that prohibited a straightforward use of crystal structures from the library dataset for first-principles computations. Firstly, the crystal structures of solid solution-type compounds are described by assigning multiple elements at common cation site with the composition accounted by proportional partial occupancy of the site. Practically, all the plane-wave DFT calculations require structural information with atomic sites assigned explicitly with individual elements from the periodic table. This necessitated transforming the composition of the models than those documented in the original database. The composition shift was maintained towards the Zn-rich side keeping in mind the motivation for Znbased hybrid compounds. The second difficulty was realized with respect to the hydrogen atoms position, which are missing in the original database. It is well known that many spectroscopic techniques fall short in resolving the position of low-atomic number elements. This is either due to inadequacy of the characterization method or due to high-temperature measurements which dissolve the hydrogen-related spectra in the background noise. In our models the hydrogen atoms are supplemented to all the open bonds according to valence matching rules. The following models were geometrically optimized in order to ascertain that the local residual forces were minimized before any properties was calculated.
The organic building blocks for the Zn-based HOI oxides are found to be acceptor groups The crystal structures of Zn-based HOI materials in ball-stick representation are displayed in Fig. 1 (c)-(o) . The binary zinc oxides, ZnO and ZnO2 are shown Fig. 1 (a) and (b), respectively, for comparison. They show rich patterns with pure or mixed octahedral (ZnO6) and tetrahedral (ZnO4) motifs. The tetrahedron and octahedron motifs are shown as blue and gray polygons, respectively, in Fig. 1 . The tetrahedron motif is common for inorganic zinc oxides, but octahedral motif is atypical and have been reported only in dispersed medium [46] [47] [48] [49] [50] [51] and in other complex oxides [52, 53] . It is known that compounds having highly electronegative components, such as KZnF3 [54] and zinc peroxide (ZnO2), stabilize octahedral motifs. The low packing density and bonding of the organic functional group to the vertex oxygen atom makes it possible to stabilize the octahedral ZnO6 motif in HOI materials. Among the listed compounds, The structural analysis carried out herein is thus useful to establish a classification scheme based on the local coordination of primary cation which has been applied for determination of certain physical properties [55] . For example, the arrangement of O-tetrahedra in zeolite (SiO4) is central to improving the efficiency of their catalytic properties [56, 57] . The three-dimensional network of octahedra and tetrahedra provide the pathways for ion diffusion in electrolytes for allsolid-state lithium-ion batteries [58, 59] . Ferroelectricity, electrocaloric response and pyroelectric properties observed in Ti-based perovskites have typical TiO6 octahedral motifs in their crystal structure [60] which display rich functional properties due to displacements and rotations of these octahedra. In superconducting materials, the correlation between the local structural motif, electronic configuration, and the critical temperature for the superconductor transition have been reported [61] . Furthermore, in the topic of point defects in solids, the local coordination of impurity atom plays a vital role in influencing the electronic structure and thus the conductivity of the system [62] . Computational determination of the structure-property relations of Zn-HOI materials
for bio-applications is quite challenging but such an effort would have significant impact if supplemented by extensive experimental research.
Electronic Structure and Band Gap
The electronic structures of the compounds are calculated using the SHF method. To establish a baseline, we note that the experimental band gap of ZnO is reproduced by taking the exact exchange and GGA in the ratio 1:2 [63] . In the present calculations the ratio of 1:3 is retained as suggested in the rational for the SHF method [38] reaction, which for this class of materials is yet to be investigated.
Optical Properties
The value of band gap and the orbital composition of the transition bands determine the optical properties. In order to compute optical properties, the frequency dependent dielectric functions of the compounds were determined by the linear response (density functional perturbation) theory [64, 65] . The dielectric function, defined through ϵ = ϵ $ + ϵ ' , is a direction dependent quantity consisting of a real part (ϵ $ ) which represents dispersion of light in the medium and an imaginary part (ϵ ' ) which describes the dissipation of energy into the medium. The absorption coefficient α(ω) and the refractive index n(ω) as functions of the frequency ω are calculated from the following relations:
n(ω) = 1 
We focus here on the isotropic magnitude of ϵ by averaging the Cartesian components of the real (ϵ $ ) and the imaginary (ϵ ' ) parts separately, which are then used to calculate the adsorption and refractive index. As an example, we provide here results for compound Z6, (CH3NH3)Zn4(PO4).
The crystal structure of Z6 and the corresponding DOS are shown in Figs. 3(a) and 3(b), respectively. The optical excitation in semiconductors are from the occupied valency band to the unoccupied conduction band. Light frequencies below the band gap energy is not absorbed. The absorption coefficient and the refractive index of Z6 as a function of energy is shown in Fig. 3(c) .
The optical absorption coefficient is large in the energy range of 7-20 eV implying a blocking capacity for UV radiation of the same energy range.
A similar analysis for other Zn-HOI compounds were carried out. The optical absorption coefficients and refractive indices for all the compounds with non-zero band gap as a function of energy are plotted in Fig. 4(a) and (b) , respectively. The energy range is restricted to the UV spectrum of only 3.2-12.4 eV with a view of potential applications related to UV lasers. The UV spectrum is generally sub-classified into three energy regions, the near UV (NUV) with energy This property could lead to applications such as UV coating of sensitive devices. But, the presence of Zn provides a compelling reason for potential use in the health sector and for bio-applications.
In this regard, it is worth to review the effect of laser action on tissue which involves either one or a combination of important phenomena; photothermal (involves photovaporization and photocoagulation) effect, photochemical (photoradiation and photoablation) effect, and photoionizing effect. Just to give an idea with respect to potential applications in biomedical engineering and health care, we plot in Fig. 4 (b) the refractive index of the compounds within the shaded horizontal region, 1.36 -1.49, which corresponds to the range of refractive indices for mammalian tissues [66, 67] . The refractive index of vacuum is marked as a dashed horizontal line.
Refractive index of Zn-HOI materials being larger than that of living tissues has a major implication. It adds an effective "lensing effect" and confines the light beam to a narrow regionsimilar to converging the sunlight to a point by using a convex lens. This is possible because light beam travelling from a rarer medium (lower refractive index, $ ) to a denser medium (higher refractive index, ' ) bends the beam towards the normal at the interface. The angle of bending is proportional to the ratio of the refractive index ( ' / $ ). This physical effect matters much in radiation therapy where securing the beam to a narrow confinement is of primary importance so that the scattered radiation does not excite the surrounding tissue. The absorption coefficient of Zn-HOI materials is three orders of magnitude larger than average tissue; a comparison is given in Fig. 5 . This implies that in an integrable environment most of the radiation energy would be absorbed by the Zn-HOI material. Depending on the requirements, this can be beneficial for protecting the underlying tissue from radiation damage or subjecting a targeted heat delivery to destroy the tissue as in selective photothermolysis therapy. The high UV absorption of these materials also make it attractive for UV detection and protection (such as skin care products, sunscreen lotions) applications.
Conclusions
Discovery and development of functional materials for targeted applications present a major challenge. In the search for Zn based HOI materials with high refractive indices, we considered compounds from two crystallographic repositories, ICSD and AMCSD. We 
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Figure 4
The (a) optical adsorption coefficient and (b) refractive index for HOI samples with finite band gap (see Table 1 ) as a function of energy in the UV spectrum.
The refractive index of mammalian tissues falls in the range 1.36-1.49 shown as solid red lines.
Figure 5
The absorption coefficient of Zn-HOI materials compared to the absorption spectra of proteins, hemoglobin, melanin, water and tissue. Zn-HOI materials is three times larger in magnitude than average tissues absorption of UV light, ensuring that selectivity of laser to tissue could occur. Part of the data adopted from Ref. [68] . 
